This paper uses multivariate dynamic panel analysis to examine the response of international financial flows to natural disasters. The models estimated for a large sample of developing countries point to differentiated responses of specific types of financial flows. The results show that remittance inflows increase significantly in response to shocks to both climatic and geological disasters, thus confirming their compensatory nature. The models suggest a nuanced role for foreign aid. While the responses of aid flows to natural disaster shocks in general tend not to be statistically significant, international assistance to low income countries increases following geological disaster shocks. Furthermore, the results show that typically, other private capital flows (bank lending and equity) do not attenuate the effects of disasters and in some specifications, even amplify the negative economic effects of these events.
I. INTRODUCTION
There is an emerging consensus in policy circles that climate change is a mounting challenge to economic development. In a recent overview, Hamilton and Fay (2009) argue that even modest increases in global temperatures are likely to lead to increased variability and more frequent and intense extreme weather events and that developing countries are more vulnerable than richer countries to the consequences of the changing climate. In the economics literature, several papers have attempted to quantify the macroeconomic consequences of natural disasters (climatic and otherwise), particularly by looking at the impact of disasters on output growth (Noy, 2009; Raddatz, 2009; and Skidmore and Toya, 2002 ; among others). Noy's (2009) results suggest that disasters have large adverse macroeconomic effects and that these effects tend to be larger in developing countries. This author finds that a one standard deviation increase in the direct damages attributed to a natural disaster could reduce output growth in a developing country by about 9 percent. This paper quantifies the response of certain types of capital flows to natural disasters in a panel of countries covering the period from 1970 to 2005. One of the main motivations for studying the response of financial flows is that these flows are likely to constitute an important mechanism through which natural disasters affect the economy, because they are a measure of the country's ability to mobilize resources for reconstruction and consumption smoothing after a shock. Nevertheless, certain characteristics of capital flows to developing countries, namely their volatility and pro-cyclicality, could actually exacerbate the negative economic effects of disasters. This aspect might be even more important given limited fiscal space in many developing countries for countercyclical action against these disasters. This paper focuses on development aid, migrant remittances inflows, equity flows and bank lending flows. The main objectives are to assess in a systematic way the different responses to natural disaster shocks of different types of capital flows and to examine whether capital flows exacerbate or attenuate the economic effects of natural disasters. The paper outlines whether capital flows are an important channel through which disasters affect the economy and whether public flows such as foreign aid behave differently when compared to private flows.
Because the paper is interested in the dynamics of the response of capital flows to shocks, in additional to standard panel data techniques, it focuses on panel vector autoregression (PVAR) models of different types of capital flows. This methodology allows for the study of the effects of shocks in a convenient and intuitive way through impulse response functions and forecast error variance decompositions.
The conclusions obtained from this analysis are useful to inform policy makers regarding appropriate policy responses to expected movements in capital flows following natural disasters. In addition, this research could highlight circumstances under which private capital flows do not alleviate shocks, and therefore an increase in foreign aid to developing countries would be justified and necessary.
II. THE LINKS BETWEEN INTERNATIONAL FINANCIAL FLOWS AND NATURAL DISASTERS
A stylized fact of the cross-country growth literature is that growth rates are not very persistent and exhibit significant volatility across time (Chami, Hakura and Montiel, 2009 ). This observation may be linked to several factors. For example, country size may matter because large countries tend to have a more diversified structure of production and are less vulnerable to industry specific shocks. This paper is closely related to a strand of the literature that has attempted to assess whether international capital flows contribute to output volatility. In particular, the issue of whether greater integration to international financial markets leads to higher macroeconomic volatility in developing countries has received significant attention from economists (see for instance Kose and others, 2006) . It is usually recognized that different types of capital flows have different time series properties and that foreign direct investment (FDI) flows tend to be more resilient than portfolio and bank flows, for example. Nevertheless, there are dissenting views such as Claessens, Dooley and Warner (1995) that look at a limited sample of developing countries and conclude that the time series properties of different types of capital flows do not differ much; in particular capital flows usually labeled as "hot" flows do not seem to be more volatile than FDI. For a discussion of global capital flows from a historical perspective see for example Schularick (2009) and Das (2006) .
Regarding overseas development assistance (ODA), there is substantial empirical evidence that aid flows tend to be volatile and procyclical with adverse consequences for macroeconomic management, especially for poor, aiddependent countries (Bulir and Hamann, 2008) . Nevertheless, Hudson and Mosley (2008) show that these conclusions usually depend on the dataset used. In addition, the mix between different components of aid such as program aid and technical assistance seems to be important for aid volatility.
Furthermore, anecdotal and case study evidence suggest that contrary to other types of international capital flows, remittance flows tend to increase or remain stable after the onset of large shocks such as natural disasters, macroeconomic/financial crises and armed conflicts (World Bank, 2005 and Yang and Choi, 2007) . Yang (2008) provides cross-country evidence on the response of international flows to hurricanes and concludes that hurricane exposure leads to large increases in remittance flows. Chami and others, (2008) present panel regressions indicating that GDP volatility is negatively affected by worker's remittances when controlling for terms of trade volatility, financial openness, commodity export composition and government consumption to GDP. Furthermore, in countries with more shallow financial systems, remittances could substitute for financial sector development and alleviate credit constraints (Giuliano and Ruiz-Aranz, 2009 ).
Nevertheless, Neagu and Schiff (2009) by comparing simple coefficients of variation among different types of flows find that official development assistance tends to be more stable than remittance flows, that is, they present a smaller coefficient of variation over the period 1980-2007 for 73 percent of the countries included in their sample. But, according to these authors, remittance flows are more stable than FDI flows.
Overall, the empirical evidence suggests that different capital flows respond in different ways to shocks and therefore may exacerbate or attenuate their economic effects accordingly. In addition, the evidence is at best ambiguous on whether greater financial integration in fact promotes greater consumption smoothing at the macroeconomic level or whether it increases vulnerability to external shocks. This ambiguity in results is certainly related to the fact that this literature is plagued by several empirical difficulties, such as the lack of reliable data and adequate measures of financial integration or financial restrictions, as well as endogeneity problems in econometric estimations, among other shortcomings 1 . For this paper, it is important to outline the expected links between international capital flows and the transmission of the macroeconomic effects of natural disasters. Capital flows could serve as a transmission or amplification (attenuation) channel of such shocks in many ways. In the context of neo-classical growth models, if a disaster causes a destruction in a country's capital stock and the country was already at its steady state level where the marginal product of capital is diminishing, the reduction in the capital stock would increase the marginal product of capital and would therefore attract more capital flows until the steady state capital stock is reached once again.
Nevertheless, if a natural disaster destroys complementary inputs to capital such as public goods, infrastructure and human capital, it is possible that the returns to capital would be affected in a negative way (as opposed to the direct positive effect outlined previously). In this case, one might not observe additional capital inflows, and a country might even experience capital outflows following a disaster. Natural disasters could also negatively affect total factor productivity and, as shown by Loayza and others (2009) in the context of the Solow growth model, if a natural disaster decreases productivity, the average product of capital will decline and so will growth. This reduction in overall growth prospects for the economy is likely to have a negative impact on private capital flows such as equity flows and FDI. In addition, disasters might lead to capital outflows if they are large enough to create political instability and/or a reduction in the capacity of a government to maintain the rule of law.
Furthermore, if international capital markets are characterized by market failures and developing countries are capital constrained (that is if these countries cannot meet their demand for capital); it is likely that the destruction linked to natural disasters will not necessarily lead to larger capital inflows. Moreover, even if returns to investment are not affected by disaster events, countries may wish to increase the amounts that they borrow abroad for consumption smoothing purposes following such events. Governments may wish to resort to foreign finance (either in the form of concessional international aid, additional marketpriced bank loans or bond issuance) to pay for temporary increases in social safety net expenditures. Domestic financial intermediaries may increase borrowing in international markets to meet an increase in domestic demand for credit from households seeking to attenuate consumption shocks.
The available empirical evidence also suggests that capital flows may play a role in determining the extent of the macroeconomic consequences of natural disasters. Noy (2009) uses the Hausman-Taylor panel IV methodology and presents results indicating that countries with a less open capital account are better able to endure natural disasters. In other words, in these countries natural disasters have less of an effect on output growth. This paper argues that this result probably stems from the fact that countries with capital account restrictions are less vulnerable to capital flight following a natural disaster event. In addition, Raddatz (2009) using a panel vector autoregressive model finds that foreign aid flows have not attenuated the output consequences of natural disasters in a significant way in his sample of developing countries.
Earlier papers on the direct effects of disasters on financial flows indicate that responses can be quite different. Yang (2008) uses the incidence of hurricanes to examine the consumption smoothing role of international financial flows and concludes that foreign aid and foreign remittance flows seem to increase following hurricanes, whereas private flows turn negative ("capital flight"). Raddatz (2007) using a panel VAR methodology, similar to the one that will be adopted below, finds that aid flows do not respond significantly to the occurrence of natural disasters. Mohapatra, Joseph and Ratha (2009) present micro evidence from household surveys and some macroeconomic results indicating that remittances have a positive role in preparing households against natural disasters and in mitigating economics losses afterwards. These authors find that remittances increase in the aftermath of natural disasters in countries that have a large number of migrants abroad. This paper departs from the literature surveyed above by considering the response of remittances, international aid and some types of private capital flows to exogenous non-economic shocks within a multivariate dynamic panel framework. The paper uses a large set of developing countries for which data is available. It adds to the analysis of the response of international financial flows undertaken by Yang (2008) by considering a larger set of natural disasters 2 and by explicitly modeling the dynamics of financial flows controlling for a number of determinants of these flows, such as interest rate differentials and real exchange rate movements. Although Raddatz (2007) and (2009) also use the panel VAR methodology, these papers focus on the links between economic growth and international aid flows rather than the response of capital flows to disasters.
III. A FRAMEWORK FOR ANALYZING THE RESPONSE OF FINANCIAL FLOWS TO NATURAL DISASTER SHOCKS
The analysis of this paper will focus on a number of natural disaster shocks and their impact on capital flows. Following Raddatz (2007) we divided natural disasters into geological, climatic and human disasters (this categorization is further explained below). Moreover, the other main variables of interest in the analysis comprise the different types of capital flows (namely migrant remittances, foreign aid, bank loans and equity flows) and a small number of additional variables deemed relevant determinants of capital flows such as interest rate differentials. Section IV below presents a detailed description of all the variables and the relevant data sources.
In this context, the empirical models estimated will take the following form for country i (t denotes time):
Where the matrix A 0 is the matrix of contemporaneous coefficients of the vector of variables z it that comprises both endogenous (y it ) and weakly exogenous variables (x it ) such that ( )
The remaining variables represent country fixed-effects and the error term respectively. In this framework, the structural 2 As noted previously, Yang's paper considers only hurricanes.
identification of results requires assumptions about the matrix A 0 . Following Raddatz (2007 and , this paper assumes that natural disaster shocks are weakly exogenous and do not respond contemporaneously to shocks in other variables.
It is a well known problem in the econometric literature that the number of coefficients to be estimated in a VAR model increases proportionately to the number of variables included in the system, thus increasing the amount of estimation error entering forecasts obtained from the model. Given the limitations in availability for long and high frequency cross-country time series on the types of capital flows of interest for this research and the need to avoid problems of overparametrization and restriction in the degrees of freedom in the estimation, the number of endogenous variables included in each model was limited and models for each type of capital flow were estimated separately 3 . In this context, the matrices in the VAR models take the form below, where for simplicity of exposition the systems are expressed at the country level. Section IV outlines the rationale for the inclusion of certain variables as determinants of capital flows. CF refers to the specific type of capital flow of interest (remittances, aid, equity flows or bank loans); idiff is the real interest rate differential; ∆RER is the change in the real effective exchange rate; Ydiff is the output differential and Nat is the natural disaster variable. 
This system can be estimated by standard panel techniques, but because some of the explanatory variables are likely not to be strictly exogenous, might be correlated with the fixed effects and might present significant measurement errors, there are considerable advantages in using the Generalized Method of Moments (GMM) estimator. In the models presented in Section V, lagged values of the variables are used as instruments. Panel VAR models estimated by GMM have had diverse applications in the economics literature, Love and Zicchino (2006) , for example, used this framework to analyze the dynamics of investment behavior with firm-level data. Nevertheless, it is important to bear in mind that the GMM estimator is less efficient than some of the alternatives and it could be biased if the instruments used are weak (for a discussion see Baltagi, 2005) .
As previously discussed, this paper is particularly interested in the dynamics of capital flows to developing countries. In this context, the paper looks at impulse response functions to simulate the dynamic effects of specific natural disaster shocks on capital flows. The paper also uses forecast error variance decompositions to assess how much of the underlying variability of the different types of capital flows can be attributed to the different types of shocks of interest at specific time horizons.
IV. DATA DESCRIPTION AND PRELIMINARY RESULTS
The econometric analysis is based on annual data for international financial flows (overseas development assistance, and bank and equity flows) from the World Bank's Global Development Finance database as well as remittance inflows data to developing countries compiled by the World Bank's Development Prospects Group. In addition, information on the incidence of natural disasters data from the OFDA/CRED International Emergency Disasters Database (EM-DAT) is also included. The data covers the period 1970-2005. Annex Table 1 provides a detailed description of the variables included and their construction as well as the respective primary sources. Annex Table 2 presents a set of descriptive statistics for the different variables included in the analysis. The table includes statistics for the entire sample of developing countries as well as a sub-sample comprising only low-income countries.
The EM-DAT database has worldwide coverage and contains data on the occurrence of natural disasters since 1900 based on several sources such as UN agencies, press reports, and insurance companies, among others. A disaster is defined as an event that overwhelms local capacity and prompts governments to request external assistance 4 . We will follow Raddatz (2007) and divide natural disasters into three broad categories, namely, Climatic events (which comprise floods, droughts, extreme temperatures and hurricanes); Geological events (which comprise earthquakes, landslides, volcano eruptions and tidal waves); and Human disasters (which comprise famines and epidemics). Geological disasters tend to be relatively more difficult to predict compared to climatic or human disasters.
The data on the incidence of climatic disasters over the period indicates that these types of events occur throughout the world, but tend to be more concentrated in countries located in the Indian and Pacific oceans (see also Raddatz, 2009 ). Furthermore, geological disasters are more pervasive in countries in East Asia and Eastern Europe and Central Asia (with more than one event per year on average) and are less frequent for countries in Sub-Saharan Africa. Famines and epidemics are also widely distributed geographically with some concentration in countries in South Asia and sub-Saharan Africa, but less frequent in Middle-East and North Africa.
The data on capital flows are expressed in real dollar terms (deflated by the US CPI index). In addition, we include a small number of determinants of capital flows. The log of the real interest rate differential between the domestic interest rate in each of the developing countries and international rates (such as the three-month U.S. treasury bill rate) was included to capture the "investment" motive in international financial flows and is a proxy for the relative return obtained from investing in the specific country. Real ex-post interest rates were calculated as the difference between the nominal interest rate and the actual inflation rate observed in the year.
In addition, the change in the real effective exchange rate (the first difference of the log of the real trade-weighted effective exchange rate) was also included. It seems intuitive that foreign investors (including migrants who send remittances to their home countries) care about the effects of fluctuations in exchange rates on the returns for their investment and hence would rebalance their portfolios as a response. For example, an appreciation of the currency in the financial-flows-receiving-country could increase incentives for foreign investors to enter as the foreign currency ("dollar-denominated") value of the cash flows linked to the investment increase. In the case of remittance flows, the response to exchange rate movements is more ambiguous and may depend on whether "compensatory" or "investment" motives to remit dominate (see Chami and others, 2008) .
Furthermore, we also consider the log of income differentials between the specific developing countries and the United States (difference between real GDP per capita PPP adjusted, which is obtainable from the Penn World tables). This variable is included to capture the compensatory nature of certain types of capital flows, such as remittances and foreign aid. In this context, it is expected that capital flows would increase as the differential increases and conversely decelerate as the income differential narrows. Furthermore, in a context of underdeveloped domestic financial markets, the real income differential might constitute an alternative measure of the returns on real investment not captured by interest rates (for example the exploitation of natural resources).
Firstly, the paper tests whether the main variables of interest are stationary by examining three different panel unit root tests: the Levin, Lin & Chu (2002) test (denoted LLC), the Breitung (2000) test and the Im, Pesaran & Shin (2003) test (denoted IPS). The unit root tests are reported in Table 1 . The tests strongly suggest that remittance flows, net development aid, net bank loans, net equity flows, the interest rate differential and the first difference of the real effective exchange rate do not follow unit root processes. Nevertheless, the tests for the income differential series present somewhat ambiguous results, with both the LLC and IPS test indicating that the series are stationary, whereas the Breitung test suggests the presence of unit roots. Overall, the tests results indicate that nonstationarity is not a major concern for the variables included in the analysis and therefore the estimation of the Panel VAR models in levels seems appropriate. 
A. Fixed-effects regression results
This section presents preliminary results obtained from estimating a more conventional dynamic panel model in which the specific type of financial flow is included as the endogenous variable and the incidence of natural disasters and other determinants of capital flows are included as explanatory variables. Therefore, the following equation is estimated by the standard fixed-effect panel estimator:
It is well known in the econometrics literature that the fixed effect estimator is biased when lagged endogenous variables are included in the panel model. Nevertheless, this bias depends negatively on the number of time series observations included. Furthermore, it is important to bear in mind that alternative estimators, such GMM or instrumental variables estimators also have drawbacks, as emphasized by Goodhart and Hofman (2008) . In particular, instrumental variables estimators are less efficient and, more importantly, instrumental variable coefficient estimates will also be biased if instruments are weak.
In addition, there are other important caveats concerning the interpretation of the preliminary results. Perhaps the most significant one is the endogeneity of some of the macroeconomic variables included on the right-hand-side, such as interest rate and output differentials. Nevertheless, this issue is less of a concern for our main coefficients of interest, the ones of natural disaster variables, which can be safely assumed to be weakly exogenous with the possible exception of the variables capturing the incidence of human disasters such as famines and epidemics. Note that we report robust standard errors clustered by countries for all models estimated. Table 2 presents estimation results for several models where remittance inflows are included as the dependent variable. The coefficients for natural disasters presented in the tables can be interpreted as semi-elasticities, such that the impact elasticity of remittances (or other types of capital flows) to a natural disaster event is given by the semi-elasticity multiplied by the level of the disaster variable as stated more formally in equation 3:
The coefficient estimates presented in Table 2 suggest that remittances inflows tend to increase following climatic and geological disasters. In fact, remittance inflows typically increase by 0.1 percent in the same time period of an increase of one standard deviation in the incidence of climatic disasters given the mean value of the climatic disaster variable across the sample period and countries. When performing a thought experiment for the case of a country with high incidence of climatic disasters (a country in the 95th percentile in terms of incidence of climatic disasters across countries and across time), the contemporaneous elasticity to a standard deviation increase would amount to approximately 0.2 percent. An even smaller elasticity is estimated for geological disasters, for a one standard deviation increase when disasters are evaluated at their (within and between) mean and the elasticity of remittance flows for a country in the 95th percentile in terms of the incidence of geological disasters would amount to 0.1 percent.
This evidence confirms the compensatory nature of remittance inflows and its effects in terms of mitigating the impact of shocks referred to elsewhere in the literature (see for instance, Chami and others, 2008, Mohapatra, Joseph and Ratha 2009) . These results hold when additional lags are included in the models, but the additional lags of the disaster variables are typically not statistically significant at conventional levels. When a deterministic time trend is included remittances seem to respond only to climatic disasters in a statistically significant way.
When the trend and the first difference of the real effective exchange rate are included simultaneously in the model the disaster variables are no longer statistically significant. Nevertheless, it is important to note the substantial reduction in the number of observations because of the introduction of the real exchange rate variable, which only covers shorter time spans. There is no evidence that remittances respond to human disasters such as famines and epidemics in any of the specifications that were attempted. This result might be linked to the fact that famine and epidemics might be related to political instability and poor governance in the remittance receiving country, which are factors that may discourage additional remittances from migrants living abroad. Models for specific types of disasters (earthquakes, floods, droughts, among others) were also estimated with qualitatively similar conclusions. These results are not reported in order to save space.
The estimation results for foreign development aid are presented in Table  3 . In most specifications development aid does not seem to respond to disasters in a statistical significant way and when it does, the results indicate that it responds more slowly relative to other types of financial flows. The estimated coefficients are only significant for the response of aid flows to geological disasters with a two-year lag, and there is no evidence in any of the specifications that aid responds to climatic or human disasters. Aid increases by around 0.3 percent two years after a one standard deviation increase in geological disasters, for a country in the 95 th percentile in terms of incidence of geological disasters. The results obtained are generally robust to the inclusion of a deterministic trend and the real effective exchange rate in the models. Overall, these results are consistent with the literature that argues that development aid has been ineffective in terms of reducing macroeconomic volatility (see Bulir and Haman, 2008) . The estimated results for the response of bank lending flows to natural disaster events are reported in Table 4 . The estimated coefficients indicate that bank lending flows respond negatively to climatic and to human disasters and that this response tends to occur relatively rapidly. This conclusion is consistent with the evidence presented by Yang (2008) regarding the response of private capital flows to hurricanes. Typically net bank lending flows decrease by around 0.8 percent within the same time period (one year) following a one standard deviation increase in climatic disasters. As far as human disasters are concerned, bank flows decrease by about 0.1 percent following an increase of one unit in the incidence of disasters. Although generally bank flows do not present a statistical significant response to geological disasters, when one considers landslides, these types of financial flows have a high negative semi-elasticity.
Overall, these results hold when additional time lags are included in the models, but the negative effects are only statistically significant contemporaneously, suggesting that the effects of disasters on bank flows are not persistent. It is also interesting to note that the response of bank flows to large human disasters (see Annex Table 1 for a definition of large disasters) is more pronounced, which could be evidence of the presence of non-linearities. The negative effect of climatic and human disasters on bank lending flows is also observed when one includes the effective real exchange rate in the model. Nevertheless, these results do not appear to be robust when a deterministic trend and the real exchange rate are both included in the models. In any case, our preliminary results indicate that bank flows either respond negatively to disaster events or do not respond at all. Under no specification did we observe a positive response, which suggests that these flows do not play a role in mitigating these types of shocks. Dependent variable is the log of net international development assistance inflows. Robust standard errors clustered by countries in brackets. *** p<0.01, ** p<0.05, * p<0.1. All macroeconomic variables are expressed in logs. The real exchange rate is the first difference of the log of the real exchange rate index.
The estimation results for net equity flows are presented in Table 5 . The results show that net equity flows increase following climatic and geological disasters, but only with a one-year lag. Equity flows also respond positively to human disasters with a lag, but results are only statistically significant for the models in which two lags of the variables are included. Net equity flows increase by around 0.5 percent one year after a one standard deviation increase in the incidence of climatic disasters (1.3 percent for a country in the 95th percentile in terms of incidence of climatic disasters) and by 0.1 percent one year after a one standard deviation increase in the incidence of geological disasters. Equity flows increase by about 0.1 percent two years after a one standard deviation increase in human disaster events. Nevertheless, it is important to bear in mind when interpreting these results that many of the developing countries included in our sample do not have access to international equity markets.
Only the results for geological disasters and human disasters are robust to the inclusion of the real effective exchange rate in the specifications, and the conclusions previously obtained do not change much in qualitative terms. In addition, it seems that equity flows also present a statistically significant response when more specific types of natural disasters, such as earthquakes are considered. Nevertheless, when both a time trend and the real exchange rate are included in the models, only the response of equity flows to geological disasters remains statistically significant. Overall, there is some evidence that equity flows behave differently from other types of private flows in terms of their responses to natural disasters and that these flows might mitigate the macroeconomic consequences of certain types of disaster events.
In conclusion, the preliminary results indicate that remittances are responsive to natural disasters (both geological and climatic), but not to human disasters. The elasticities calculated based on the estimated semi-elasticities suggest that the economic importance of these responses is typically small. In general, aid flows do not present statistically significant responses to natural or human disasters, except for geological disasters, where international aid flows seem to respond with substantial delay. There is evidence that bank flows respond negatively to disasters and that the effects of disasters on these flows are not persistent. Nevertheless, the fixed effects results for the bank flow models are not very robust. Equity flows increase after geological and climatic disasters with a one-year lag and after human disasters with a two-year lag. Nevertheless, the response of equity flows to geological disasters is more robust than the response of these flows to climatic disasters or human disasters. It is also interesting to note that the problem of omitted variables seems to be more prominent for the models for bank and equity flows, as these models present relatively poorer measures of goodness of fit. 7 6 7 6 7 6 7 6 7 6 7 8 7 8 7 8 7 8 7 6 7 6 7 6 Dependent variable is the log of net bank lending inflows. Robust standard errors clustered by countries in brackets. *** p<0.01, ** p<0.05, * p<0.1. All macroeconomic variables are expressed in logs. The real exchange rate is the first difference of the log of the real exchange rate index. 
V. RESULTS FROM PVAR MODELS
This section follows the framework outlined in Section III and estimates systems of equations using the GMM estimator to assess the dynamic response of financial flows to natural disasters. The main advantage of using a panel-modeling framework is that it increases the efficiency and the power of the analysis, when compared to estimating the models at the individual country level. If vector autoregressive systems were estimated at the country specific level, given the data limitations, it is likely that there would be too few degrees of freedom for meaningful statistical inference.
Following the conclusions obtained from the preliminary estimations presented in Section IV, this Section concentrates its analysis on the response of financial flows to climatic and geological disasters, given that some flows do not seem to respond to human disasters and that human disasters are more likely to be subject to endogeneity problems. PVAR models of one and two lags were estimated, because of the relatively limited time dimension of the data and the potential for overparametrization problems mentioned in previous sections. Furthermore, the variables were transformed by forward mean differencing (Helmert transformation) to tackle the correlation between the country fixed effects and lags of the dependent variables, while preserving the orthogonality between the transformed variables and lagged regressors. We focus the presentation of results on the responses of different flows to the different types of natural disaster shocks (geological and climatic). In addition, we decided to exclude countries with missing data for several years from the estimated VARs. The 10 countries excluded are: Benin, Buthan, Guinea, Guinea-Bissau, Equatorial Guinea, Lebanon, Liberia, Nicaragua, Paraguay and Tunisia Figure 1 presents impulse response functions for remittance inflows to one standard deviation shocks to climatic and geological disaster variables for the full sample of developing countries and a more restricted sample that considers only low income countries (see Annex Table 3 for country classifications by income groups). The responses are based on the coefficients of one lag PVAR models, unless otherwise specified. The first panel of the figure indicates that remittances increase on impact following a one standard deviation shock in climatic disasters and the effects of the shock persist for a year, but become statistically insignificant thereafter. 5 The forecast error variance decomposition analysis presented in Table 6 suggests that climatic disaster shocks are responsible for about 16 percent of variance of remittance inflows at the 10 year horizon.
In addition, the second panel of Figure 1 shows that the response of remittance inflows to geological disaster shocks is more persistent than its response to climatic shocks. Remittances present a positive, statistically significant response on impact that persists after a year and remains marginally significant even two years after the shock. The forecast error variance decomposition (FEVD) indicates that geological disasters account for 34 percent of the variance in remittances for this model. Similar conclusions are obtained when one considers only large natural disaster events (both climatic and geological) as defined in Annex Table 1 . The impulse responses are not reported to save space.
When the analysis is restricted to a sample of low-income countries (bottom two panels of Figure 1) , the previous results are confirmed, with remittances increasing on impact after a climatic shock. Nevertheless the response of remittances in low-income countries seems more persistent than the response observed for the sample as a whole and remains statistically significant even after two periods. For low-income countries, climatic shocks seem to account for over 50 percent of the FEVD. As far as geological shocks are concerned, contrary to the full sample, remittance inflows seem to present a statistically significant increase only on impact. The results from the panel VAR models indicate that the economic significance of the response of remittances to natural disasters is higher than what was suggested by the fixed-effects models.
The results for the PVAR models including international aid are presented in Figure 2 . The models including the full sample of developing countries indicate that there is no statistically significant response of international aid to climatic shocks. The response of aid to geological shocks is negative, but barely statistically significant and the error bands for this model are very wide. When only large disasters are considered, the response of foreign aid to geological shocks is not statistically significant, while the response to large climatic shocks is significant on impact, but the FEVD reveals that climatic shocks account for merely one percent of the variance in aid flows. These results are not surprising given that the sample includes a very diverse set of countries that present vastly different levels of reliance on external assistance to finance their needs.
When we focus on a more homogenous set of low-income countries (bottom two panels of Figure 2 ), the models suggest that aid increases on impact following a geological disaster shock. Nevertheless, the response of aid to climatic shocks in low-income countries is not statistically significant. The forecast error variance decomposition presented in Table 6 , suggests that geological events account for 11 percent of the variance of aid flows to low income countries.
The lack of response of aid to climatic shocks is in line with our preliminary estimations presented in Section IV and with the results reported by Raddatz (2009) and Raddatz (2007) , but the statistically significant response of aid flows to geological shocks in low-income countries suggests a more nuanced role for aid than indicated by the preliminary analysis. The impulse responses show that foreign aid plays a role in attenuating the negative impact of geological disasters in the poorest group of countries. The solid line is the impulse response function to a one standard deviation shock to the natural disaster variable. 95 percent level error bands (dashed lines) were calculated using Monte Carlo simulations (1,000 repetitions). One lag VAR models were estimated for all panels, except for the model including geological disasters in Low-Income countries only, for which a two lag VAR was estimated. The solid line is the impulse response function to a one standard deviation shock to the natural disaster variable. 95 percent level error bands (dashed lines) were calculated using Monte Carlo simulations (1,000 repetitions). Two lags VAR models were estimated for all models, except for models with large natural disasters, for which one lag VAR models were estimated. Figure 3 presents results for PVAR models including net bank lending flows. These models exclude three large emerging markets: Brazil, India and China, because the responses of bank flows to disasters in these countries are very likely to be atypical when compared to the rest of the sample and also because the models tended to perform better when these countries were excluded, with impulse responses presenting narrower error bands.
The impulse response functions show that bank flows present a negative and significant response to climatic and geological disasters on impact that becomes statistically not significantly different from zero in subsequent periods. This negative response corroborates the conclusions obtained by Yang (2008) regarding the reaction of private financial flows to hurricanes and our preliminary results presented in previous sections that also pointed to the lack of persistence in the response of bank flows. Nevertheless, the forecast error variance decomposition analysis presented in Table 7 suggests that while geological shocks account for 23 percent of the variation in bank flows at the 10 period forecast horizon, climatic shocks account for only 2 percent of the variation. When only large climatic disasters are considered, the response of bank flows is not statistically significant and while the response to large geological disasters is significant and positive on impact, the FEVD shows that large geological disasters account for less than one percent of the variance in bank lending flows.
When the analysis is restricted to the sample of low-income countries, the response of bank flows follows a similar pattern to the one observed for the full sample, except for the response to geological shocks that presents a marginally significant increase after one year. In addition, for the low-income countries, climatic disasters account for 13 percent of the forecast error variance of bank flows, whereas geological disasters account for only 5 percent. Overall, the results suggest that bank flows do not tend to attenuate the impact of natural disaster shocks and in fact, in most specifications they are likely to compound their negative economic impacts.
The impulse response functions for net equity flows are presented in Figure 4 . For the full sample of developing countries, net equity flows increase on impact following a climatic disaster shock, but the response becomes statistically insignificant in subsequent periods. These dynamics suggest that equity flows respond relatively rapidly to disasters, but the effects of disasters on these types of financial flows tend to be short-lived. The impulse responses of equity flows to geological disaster shocks are not statistically significant. The FEVD presented in Table 7 also suggests climatic shocks account for about 29 percent of the forecast error in equity flows to the developing countries considered in the sample. When only large natural disasters are include in the models, the response of equity flows is not statistically significant as shown in Figure 4 . The solid line is the impulse response function to a one standard deviation shock to the natural disaster variable. 95 percent level error bands (dashed lines) were calculated using Monte Carlo simulations (1,000 repetitions). Two lag VAR models were estimated for the models including climatic and geological shocks in the full sample and for the model including geological shocks in the LIC sample.
One lag VAR models were estimated for the models presented in all other panels. The solid line is the impulse response function to a one standard deviation shock to the natural disaster variable. 95 percent level error bands (dashed lines) were calculated using Monte Carlo simulations (1,000 repetitions). One lag VAR models were estimated for all panels presented, except for the models with climatic and geological disasters for the full sample of countries (excluding emerging markets) for which a two lag VAR was estimated.
When the analysis is restricted to low-income countries, equity flows do not present statistically significant responses to either climatic or geological shocks. Results for models that include only large natural disasters are presented, because these models performed better, but the results do not change qualitatively when all disasters are included. The FEVD presented in Table 7 also suggests that natural disaster shocks account only for a negligible proportion of the variance of equity flows in these countries. In conclusion, whereas there is evidence that bank flows compound some of the negative macroeconomic effects of natural disasters, equity flows can play a role in mitigating the effects of climatic disasters at least in the middle-income countries that can access these markets. Nevertheless, the lack of deep equity markets in most developing countries, particularly lowincome countries is likely to limit the role of these flows in the financing of reconstruction efforts. 
VI. CONCLUSIONS
This paper has used multivariate dynamic panel analysis to examine the response of international financial flows to natural disasters. In the analysis, natural disasters were considered to be a weakly exogenous real shock. The panel vectorautoregressive models estimated for a large sample of developing countries point to differentiated responses of specific types of financial flows to the shocks of interest. The results show that migrant remittance inflows to developing countries increase significantly in response to shocks to both climatic and geological disasters. Natural disasters can account for up to 53 percent of the forecast error variance of remittance inflows to low-income countries. The results corroborate the view that remittance flows present a compensatory nature and can act as "insurance" in face of adverse shocks. The models estimated also suggest a nuanced role for foreign aid. International aid to low-income countries increases following geological disaster shock, but in more general circumstances, the responses of aid flows to natural disaster shocks are not statistically significant. Therefore, one can conclude that international aid typically only plays a limited role in attenuating the economic consequences of disasters, but its role is more significant in poorer countries.
Furthermore, we sought to investigate whether private capital flows amplify or mitigate the negative economic consequences of natural disasters. Both our preliminary results and the panel vector autoregressive models indicate that bank lending flows in general do not attenuate the effects of disasters and in some specifications, net bank lending outflows typically occur after the onset of disasters, therefore amplifying the negative economic effects of these events. Equity flows are not an important source of finance for disaster recovery in lowincome countries. Nevertheless, they respond positively to climatic disasters for the larger sample of developing countries, but not to geological disaster shocks. In addition, this effect is short-lived. Overall, the results presented in the paper are robust to model specifications for which only large natural disasters were included.
Our analysis is subject to several caveats that should be addressed in future research. In particular, there is substantial scope for refining the natural disaster measures considered in the models such that additional variation in the magnitude of the economic impact of these events is introduced. Moreover, there is also scope to further differentiate between types of financial flows. For example, foreign aid in the form of budget support is likely to respond differently to disasters than project-related international assistance. The GMM estimator used for the PVAR models also presents shortcomings; most significantly, it assumes that all the countries included in the sample follow the same dynamics. Coefficient estimates will be biased if this is not the case. Subsequent work could test whether the results obtained still hold when alternative estimators that are not subject to this problem (such as mean-group estimators) are used.
The findings of the paper entail several possible policy implications. Given the compensatory nature of remittances, developing countries that are vulnerable to natural disasters would benefit from fostering these flows by, for example, pursuing policies to reduce transaction costs associated with them. In addition, policy makers in disaster stricken countries typically should not rely on substantial increases in foreign assistance to finance reconstruction or consumption smoothing needs, except for specific circumstances. Furthermore, the international community should continue its efforts to strengthen the capacity to scale-up foreign aid following natural disaster events, given that in the past, recorded financial assistance only provided a mitigated response to such events, particularly in what concerns climatic disasters. Nevertheless, it is also important to take into account the absorptive capacity of the specific country to increased aid flows. In fact, the lack of response of aid to natural disasters might in part be related to concerns by donors regarding the lack of absorptive capacity for additional flows. Hence, it is crucial to have a clear perspective of the incentives governing international assistance when interpreting the results obtained in this paper.
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Global Economy Journal, Vol. 11 [2011] Log of net overseas development assistance inflows (denominated in US dollars and deflated by the US CPI). Used the log of the absolute value multiplied by (-1) when the number is negative.
Global Development Finance Dataset.
Portfolio Equity Flows
Log of net equity inflows (denominated in US dollars and deflated by the US CPI). Used the log of the absolute value multiplied by (-1) when the number is negative.
Bank Loan Flows Log of net bank loan inflows (denominated in US dollars and deflated by the US CPI). Used the log of the absolute value multiplied by (-1) when the number is negative. EM-DAT Dataset.
Geological Disasters
Number of earthquakes, landslides, volcano eruptions and tidal wave events in a given year.
EM-DAT Dataset.
Human Disasters Number of famines and epidemics in a given year. EM-DAT Dataset.
Large Disaster Events
Number of climatic, geological or human disaster events in a given year that classify as a large disaster according to the following criteria: the event affects at least half a percent of a country's population, or causes damages of at least half a percent of national GDP, or results in more than one fatality every 10,000 people Calculated by Raddatz (2007) based on EM-DAT data. 
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